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USE/ AD VANTAGES 

Useful in continuous welding of component parts, par- 
ticularly in the construction of T beams or similar having 
one component welded normal to the surface of the other 
component, allowing the use of laser beams to weld the com- 
ponents thus increasing the welding rate over conventional 
submerged arc and filler rod welding. 

EMBODIMENT 

The web section (15) has a conical conformed end (20) 
cooperating with a mating seating (21) machined into the 
surface of the flange (16), the angle of the taper of the 
conforming surfaces, being such that the axis (22) of the 
core formed by the laser beam (18) lies on the plane be- 
tween the surfaces (20) and (21) with the focus of the 
beam (18) either within the length (1) of the matching sur- 
face or external to the surface, dependent upon the weld 
technological requirements. 

An additional seam weld for possibly cosmetic reasons, 
may be laid along the beam length at the joint opening if 
necessary. (7ppl654AMDwgNo3/5). 
(E) ISR: DE3827297 DE2408680 EP-288884 
. . , ( EP-445633-A+ 


Welding together metal components to form the flange and 
web section of a beam using a Zaa^weldtog^beam is carried 
out by preforming angled coupling surfaces on the edge and 
surface of the web and flange component resp. aligning the 
coupling together, and directing the laser beam along a 
path at the same coupling angle into the joining surfaces, 
the focus of the laser beam either inside or outside the 
length of the coupling surface. 

The weld can be formed with or without additional 
welding rods, and the coupling surfaces can be of equal 
or differing lengths. 

The process forms metallic beams constructed using 
cooperating prismatic mating surfaces specifically angled to 
be welded in conjunction with a conical or similar configured 
laser head operating in a plane at the same angle. Other 
articles may be formed using the same method. 
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© Method to weld metallic beams and metallic beams thus produced. 



© Method to weld metallic beams and, in particu- 
lar, metallic beams of which the component ele- 
ments have to be anchored together in substantially 
orthogonal reciprocal positions, the welding being 
carried out by applying a laser beam (18) working 
head (19-119). such welding by laser beam (18) 
being performed on elements (15-16) of the metallic 
beam (10-11-12-13-14) which have been processed 
beforehand so as to include substantially prismatic 
coupling surfaces (20-21:24-25), the angle (a) of the 
prismatic conformation being such that the axis of 
the laser beam (18) lies in a plane (*) containing 
such coupling surfaces (20-21; 24-25). 

Metallic beams suitable to be continuously weld- 
ed by a laser beam (18) and undergoing the above 
method, the metallic beams including component 
elements (15-16) which have their coupling portions 
conformed as prisms (20-21: 24-25), such prismatic 
conformation (a) being a function of the laser weld- 
ing means (18-19-119) employed in the welding op- 
eration. 
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This invention concerns a method to weld me- 
tallic beams. To be more exact, the invention con- 
cerns a method suitable to obtain continuous weld- 
ing of the component parts of m tallic beams by 
applying a laser beam. 

The method of the invention is used advanta- 
geously for the production of metallic beams hav- 
ing their component elements arranged at a right 
angle to each other. 

The invention concerns also the metallic 
beams produced by the above method. 

The method of the invention can be employed 
also for the jointing of metallic elements other than 
beams. 

The state of the art covers methods to weld 
metallic beams and, in particular, beams having 
great lengthwise dimensions. 

By metallic beams are meant all those beams 
having an H-shaped conformation and therefore a 
main central element and two flange elements, or 
else T-beams, angle bars, channel sections and Z 
sections, all such metallic beams belonging to the 
general category of beams with an open section. 

Other beam configurations are also included 
such as, for instance, the so-called box-type beams 
having a closed section. 

The above metallic beams include two or more 
elements positioned at a right angle to each other 
which have to be welded together to form the 
finished beam. 

The welds have to be made either at lateral 
positions on an outer edge of the flange element or 
elements, as is the case with angle bars, channel 
sections and Z sections, or at central intermediate 
positions on the flange element or elements in the 
case of H-beams or T-beams. 

In general the welds are of the submerged arc 
welding type with the use of filler rod and are 
carried out on appropriate equipment, which com- 
prises one or more welding heads driven by a 
suitable mechanism so as to move along the line of 
the joint to be welded. 

For this purpose the welding heads are fitted to 
trolleys able to run on rails parallel to the joints to 
be welded, but it is also possible to arrange that 
the parts to be welded are themselves moved so 
as to pass along the welding heads. 

Systems are known for welding by laser beam- 
without the use of filler rod. particularly by carbon 
dioxide laser (CO:) or neodymium-doped yttrium- 
aluminium-garnet laser (NDYAG). 

As is known, a laser beam is focused by len- 
ses or mirrors on very small surfaces, on which are 
produced high densities of power that bring prac- 
tically all materials to a molten state. 

Owing to this concentration of power emitted 
by the laser beam it is possible to join elements 
together at a high speed with unimportant deforma- 



tions on those elements, unlike what happens in- 
stead with other welding systems. 

To be focused, the laser beam has a conical 
terminal conformation and is protected by a work- 
5 ing head generally having a prismatic conformation, 
which provides application of the laser beam to the 
parts to be welded. 

Inert protective gases are also employed which 
prevent oxidation of the molten portion and im- 
w prove the transmission of energy to the parts to be 
joined. 

The laser beam, although it offers the above 
advantages, is applied at present only to the butt 
jointing of metallic elements or in making joints at 

/5 the outer edges of orthogonal connections such as 
angle bars, channel sections Z sections or the like. 

When welding by laser beam, the elements to 
be united have to be processed beforehand with a 
given degree of precision; the other welding tech- 

20 niques. owing to their intrinsic characteristics, en- 
able a relative working remedy to be made with 
regard to any lack of precision in the parts to be 
joined. 

The restrictions in the use of the laser b am 

25 are due to the conical terminal conformation of the 
beam itself and to the inclusion of the coordinated 
prismatic working head, which does not allow the 
laser beam to be properly located on inner or- 
thogonal joints such as those which have to be 

30 made on metallic H-beams or T-beams. 

The present applicant has studied, tested and 
obtained a method for welding with laser beams, 
the method being suitable to overcome the prob- 
lems of the state of the art. 

35 The invention concerns also the metallic 

beams produced with this method. 

The invention is set forth in the main claims, 
while the dependent claims describe various fea- 
tures of the invention. 

40 The method of the invention provides for the 

metallic beam elements which have to be welded 
together in substantially orthogonal positions, to be 
worked beforehand in a suitable manner. Such 
working consists in preparation of the elements for 

45 coupling together in a prismatic manner, whereby 
the end of one of the elements is shaped pris- 
matically. whereas a mating prismatic seating is 
machined in the other element. 

Such prismatic working is generally obtained 

so with milling machines of a conical shape, and 
therefore the current jargon usually decribes th 
prismatic working as conical processing and we 
shall refer to such processing hereinafter in the 
description. 

55 This processing may therefore be conical, or 

semi-conical or of another similar type. 

The conical shape thus processed may have a 
variable angular value, depending on the technical 
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features of the application and of the laser device 
employed. 

The conical shape, whatever it may be. has to 
be such as to enable the laser beam used to be 
correctly focused, that is to say. the axis of the 5 
cone consisting of the laser beam has to lie on a 
piane containing the conical surfaces to be united. 

The processing of the elements to be coupled 
will enable the usual laser welding heads to be 
brought to the welding zones. 10 

According to a variant a traditional welding 
operation of a type with an arc in an inert gas 
(CO2). for instance, may cooperate with the laser 
beam welding operation. 

These and other special features of the inven- 75 
tion will be made clearer in the following descrip- 
tion. 

The attached figures are given as a non-restric- 
tive example and show the following: 

Fig.l shows some types of metallic beams to 20 
which the method of the invention can be ap- 
plied; 

Fig .2 is a diagram of a working process accord- 
ing to the method of the invention; 

Fig.3 is an enlarged diagram of the working 25 

process of Fig.2; 

Fig.4 is a variant of Fig.3; 

Fig.5 is a further variant of the invention. 
Fig.1 shows some currently used types of me- 
tallic beams to which the method of the invention 30 
can be applied. In the order shown in the figure, H- 
beams are referenced with 10, overturned T-beams 
with 11, angle bars with 12, channel sections with 
13 and 2-sections with 14. 

These types of metallic beams comprise a 35 
main central element 15 and at least one flange 
element 16; these elements 15-16 have to be 
joined to each other orthogonally by means of a 
weld which has to be made on four sides of the 
central element 15 and along the whole length of 40 
each metallic beam. 

The welds are referenced with 17 in Fig.l and 
represent the type employed in the state of the art 
and made with filler rod. 

Fig.2 is a diagram of the application of the 45 
invention to a metallic H-beam 10. The welds to be 
made with a laser beam and shown diagrammati- 
cally with a cone 18 are carried out continuously 
without filler rod along the whole length of the 
metallic beam 10 along the orthogonal joint be- 50 
tween the central element 15 and flange element 
16 in the neighbourhood of the central line thereof. 

The welding is performed with a working head 
19 that may possibly cooperate with an analogous 
counterpart working head 119. 55 

The working heads 19-119 will advantageously 
have a prismatic end conformation to protect and 
bring a laser beam 18 to the zone to be welded. 



The central metallic beam element 15 has 
conically conformed ends 20 to cooperate with a 
mating conical seating 21 included in ach flange 
element 16. These conically conformed ends 20 
and seatings 21 are readied beforehand, by a sim- 
ple milling operation for instance, on the central 
ana flange elements 15-16 to be joined. 

The working head 19-119 is equipped with 
suitable self-positioning sensors to compensate, 
during the welding, any processing errors included 
in the central and flange elements 15-16 to be 
coupled. 

The conical portions 20-21 on the central and 
flange elements 15-16 may also undergo a surface 
finishing process before being coupled together. 

The angle of taper (a) of the conical processed 
surfaces of the central and flange elements 15-16 
is a function of the conical conformation of the 
laser beam 18 and of the conditions of application 
of that beam 18. In any event the angle of taper (a) 
has to be such that the axis 22 of the cone formed 
by the laser beam 18 lies on the surface V to be 
welded, namely on the plane containing the conical 
portions 20-21. 

The focus of the laser beam 18 may fall within 
or outside the length "P of the joint of the two 
conical portions 20-21, depending on the tech- 
nological requirements of the weld to be made. 

The example of Fig.3 shows two equal coun- 
terpart portions 20 equal to the two mating portions 
21. 

Provision can be made for the two portions 20 
to be different from each other in length "I" or in 
their angular arrangement but the same as the 
mating portions 21. 

The present applicant has found by experi- 
ments that by means of the method of the inven- 
tion any type of metallic beam normally employed 
in current technical applications can be welded with 
excellent results. 

It can be stated as an example that metallic 
beams having a weld length T* of about 10 mm. 
and a taper angle (a) in the range of 10* to 15* 
have been welded, the thickness of the central 
beam element 15 being about 17 to 18 mm., while 
the thickness of the flange element 16 could be 
varied as desired, a laser device being used with 
an output power of 5 Kw, while the speed of 
displacement of the working head 19-119 during 
welding was of the order of one metre per minute. 

Fig.4 shows a possible variant of the method of 
the preceding figures, according to which in special 
conditions of application a slight seam weld 23 of a 
traditional type can be added to the laser weld 
described above for exceptional reasons, possibly 
of an aesthetic nature, or for surface finishing. 

The variant of Fig.5 shows a solution which can 
be employed in particular for central beam ele- 
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ments 15 of a limited thickness or for box-type 
metallic beams; according to this solution the cen- 
tral element 15 is conformed terminally with a & 
semi-conical end 24 to be united to a mating semi- 
conical seating 25 provided in the flange element 5 
16. In this case the welding by laser beam 18 can 
be carried out on one side of the joint between the 
central and flange elements 15-16. 

According to another variant a traditional weld 9. 
17 with filler rod can be made on the other side of to 
the joint. 

We have described here some preferred em- 
bodiments of the invention, but obviously a person 
skilled in this field can obtain other variants without 
departing thereby from the scope of the invention is 
as claimed. 

Claims 

1. Method to weld metallic beams and, in particu- 20 
lar. metallic beams of which the component 
elements have to be anchored together in sub- 
stantially orthogonal reciprocal positions, the 
welding being carried out by applying a laser 
beam (18) working head (19-119), the method 25 
being characterized in that such welding by 
laser beam (18) is performed on elements (15- 
16) of the metallic beam (10-11-12-13-14) 
which have been processed beforehand so as 
to include substantially prismatic coupling sur- 30 
faces (20-21:24-25), the angle (a) of the pris- 
matic conformation being such that the axis of 
the laser beam (18) lies in a plane (*) contain- 
ing such coupling surfaces (20-21; 24-25). 



(I). 



Method as claimed in any of Claims 1 to 5 
inclusive, in which each of the coupling sur- 
faces (20-21) comprises two portions differen- 
tiated from each other at least in their angle of 

positioning {a). 

Method as claimed in any of Claims 1 to 5 
inclusive, in which the coupling surfaces (20- 
21) comprises only one coupling portion. 
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Method as claimed in Claim 1, 
angle (a) has a variable value. 



in which the 



10. Method as claimed in any claim hereinbefore, 
in which the additional finishing welds (23) may 
cooperate with the laser beam weld (18). 

11. Method as claimed in Claim 9, in which a weld 
with filler rod (17) cooperates with the laser 
beam weld (18). 

12. Method as claimed in any claim hereinbefore, 
in which the laser beam (18) working heads 
(19-119) comprise self-positioning sensors. 

13. Method as claimed in any claim hereinbefore, 
in which a plurality of laser beam welds (18) 
can be made at the same time. 

14. Metallic beams suitable to be continuously 
welded by a laser beam (18) and undergoing 
the method of the claims hereinbefore and 
being characterized in that they include com- 
ponent elements (15-16) which have their cou- 
pling portions conformed as prisms (20-21; 24- 
25), such prismatic conformation (a) being a 
function of the laser welding means (18-19- 
119) employed in the welding operation. 



Method as claimed in Claim 1 or 2. in which 
the length T of the coupling has a variable 
extent. 
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Method as claimed in any claim hereinbefore, 
in which the focus of the laser beam (18) falls 
within the length (1) of the coupling. 

Method as claimed in any of Claims 1 to 3 
inclusive, in which the focus of the laser beam 
(18) falls outside the length (I) of the coupling. 

Method as claimed in any claim hereinbefore, 
in which the coupling surfaces (20-21) com- 
prises two equal counterpart portions. 
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7. Method as claimed in any of Claims 1 to 5 
inclusive, in which each of the coupling sur- 
faces (20-21) comprises two portions differen- 
tiated from each other at least in their length 
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